To report a case of unilateral total limbal stem cell (LSC) failure and corneal opacification secondary to thimerosal-and contact lens-induced ocular surface toxicity. Methods. Interventional case report and review of the literature on thimerosalinduced ocular surface changes. Results. A 49-year-old woman with a 2-year history of long-term soft contact lens wear developed unilateral total LSC failure and corneal opacification secondary to presumed thimerosal-induced toxicity and contact lens wear. At presentation, best-corrected visual acuities were 20/120 in the right eye and 20/15 in the left eye. The patient underwent a keratolimbal allograft and amniotic membrane graft followed by a penetrating keratoplasty. At the last follow-up, the right eye showed a clear corneal graft with a best-corrected visual acuity of 20/30. Conclusions. Thimerosal toxicity can lead to total LSC failure with secondary corneal vascularization and opacification. Keratolimbal allograft followed by penetrating keratoplasty can be successful in reconstructing the ocular surface in such cases.
Thimerosal is an organic mercurial compound commonly used as an antimicrobial preservative in contact lens disinfecting solutions. Adsorption of thimerosal by a contact lens followed by prolonged contact with the corneal epithelium can potentially cause serious ocular surface damage. Several in vitro studies have shown its cytotoxic effects. [1] [2] [3] [4] In the late 1980s, thimerosal was increasingly withdrawn from contact lens solutions because of reports of toxic and immunoallergic ocular surface changes, such as a punctate coarse keratopathy, pseudodendritic lesions, superior limbic keratoconjunctivitis, and a more diffuse keratoconjunctivitis. [5] [6] [7] [8] [9] This report describes a case of thimerosal-induced total limbal stem cell (LSC) failure in a young woman. The ocular surface was reconstructed with a keratolimbal allograft (KLAL) and an amniotic membrane graft followed by penetrating keratoplasty. The literature on thimerosalinduced ocular surface changes and management is reviewed.
CASE REPORT
A 49-year-old myopic woman with a 2-year history of soft contact lens wear was referred with a history of recurrent episodes of ocular discomfort in her right eye with markedly decreased vision. Since beginning contact lens wear, she was repeatedly examined by her optometrist for redness, discomfort, and burning while using her lenses. The contact lenses were changed without benefit until they were eventually discontinued 1 year before her presentation, with some improvement of symptoms in her right eye and resolution of symptoms in her left eye. The patient had been using an Alcon saline solution (Fort Worth, TX) to clean and store her soft contact lenses. This product is a sterile, buffered, isotonic aqueous solution preserved with thimerosal, sorbic acid, and edetate disodium. Even after detailed questioning, the patient could not recollect the name of the soft contact lenses she had been using. The patient had no other preexisting ocular or medical conditions that could have predisposed to LSC failure.
The vision in her right eye gradually deteriorated with worsening of symptoms until she was referred for recurrent episodes of redness, blurred vision, and pain in the right eye. Her bestcorrected visual acuity was 20/120 in the right eye and 20/15 in the left eye. The right cornea showed extensive epithelial and subepithelial haze with superficial and anterior stromal vascularization. There was patchy uptake of fluorescein across the whole cornea and loss of all recognizable limbal palisades of Vogt, clinically consistent with total LSC failure ( Fig. 1 ). There was no evidence of tear film dysfunction. The left cornea appeared healthy. The condition in the right eye was thought to be secondary to recurrent or persistent keratoconjunctivitis related to thimerosal preservative and contact lens wear.
After receiving informed consent, a KLAL with an amniotic membrane patch graft was performed to repopulate the LSCs (Fig.  2) . A conjunctival limbal autograft was not performed because of suspicion of subclinical LSC damage in the left eye. Postoperatively, the patient was immunosuppressed with oral cyclosporine for a period of 6 months. The postoperative recovery was uneventful. Penetrating keratoplasty was performed 17 months later.
Histologic study of the corneal button showed that the corneal epithelium was mildly atrophic and that there was thick, fibrous tissue between the epithelium and Bowman's layer ( Fig. 3 ). Immunohistochemistry of the specimen showed positive staining for cytokeratin 3/12 and negativity for cytokeratin 19 in the epithelium (Fig. 3) , consistent with the restoration of a corneal epithelial phenotype by the limbal allograft. At the last follow-up, the patient had a noninflamed ocular surface, a clear corneal graft, and a best-corrected visual acuity of 20/30 in the right eye.
DISCUSSION
Thimerosal, also known as thiomersal, Merthiolate, and sodium ethylmercuric thiosalicylate, is an organic mercurial that was commonly used as an antimicrobial preservative in contact lens disinfecting solutions. Recent in vitro cell studies have shown the cytotoxic effects of thimerosal, which include inhibition of mitotic activity in human corneal epithelial cells, 1 loss of cell membrane integrity, 2 and initiation of mitochondria-mediated and caspase-3dependent apoptosis in human neurons and fibroblasts. 3, 4 Limbal stem cells are vital for normal corneal epithelial proliferation and differentiation. Adsorption of thimerosal by a contact lens with prolonged contact with the corneal epithelium causes cytotoxicity with loss or disruption of LSCs compromising the ocular surface. Even without previous knowledge of its profound cytotoxic effects, thimerosal had already begun to be increasingly withdrawn from contact lens solutions in the late 1980s because of Staining with hematoxylin and eosin (A). The epithelium (Ep) is mildly atrophic, and there is thick, fibrous tissue (F) between the epithelium and Bowman's layer (arrow). Staining by immunohistochemistry for cytokeratins 3/12 (B) and 19 (C) (brown reaction product, hematoxylin counterstain). The epithelium is seen to label for cytokeratin 3/12, but not for cytokeratin 19.
reports of thimerosal-related toxic and immunoallergic ocular surface changes and keratoconjunctivitis. [5] [6] [7] [8] [9] Thimerosal keratoconjunctivitis typically presents with conjunctival hyperemia and a mixed follicular and papillary conjunctivitis. 7 Atypical presentations include superior limbic keratoconjunctivitis, punctate coarse keratopathy, severe keratopathy, diffuse epithelial keratitis, and pseudodendritic lesions. 7, 10, 11 Other reported effects of thimerosal include keratoconjunctival pigmentation, corneal epithelial devitalization, blepharoconjunctivitis, bluish gray perivascular deposits, contact lens discoloration, and delayed hypersensitivity. 9, 12, 13 Jenkins et al. 14 described chronic corneal epitheliopathy with a history of thimerosal exposure in soft contact lens wearers. All patients had corneal changes similar to those reported herein, characterized by epithelial haze and superficial stromal vascularization with markedly decreased visual acuity. They attempted to reconstruct the ocular surface in four of their patients by obtaining LSCs from the healthy fellow eye. Only two of the four patients achieved good functional vision of 20/30. The authors concluded that limbal autograft transplantation in bilaterally exposed patients may fail to restore the epithelial phenotype of the host eye, while jeopardizing the epithelial integrity of the donor eye by depleting its stem cell reserve.
Tseng et al. 15 successfully performed limbal autograft transplantation on three patients with contact lens-induced keratopathy, although it is unclear whether the keratopathy was secondary to thimerosal toxicity.
An alternative approach is KLAL. The use of donor allograft theoretically obviates the problem of subclinical stem cell dysfunction. KLAL can be performed in patients with bilateral disease or patients with unilateral disease who prefer not to undergo surgery in their healthy fellow eye. 16 The technique has been modified with the additional use of amniotic membrane as a substrate replacement. 17 It is unclear why the patient described in this report had such asymmetric disease. It is possible that there was subclinical disease in her left eye, which subsequently resolved after discontinuation of contact lens wear in the period before the referral. Consistent with this hypothesis, subclinical disease has been reported by Jenkins et al. 14 Although it is possible that other factors, such as a low-Dk lens, a poor fit, and an extended period of lens wear, could have induced a hypoxic or mechanical damage leading to secondary LSC failure, the patient's history lacking complaints of her contact lens fit makes these causes unlikely.
In conclusion, in patients with thimerosal-induced total LSC failure, KLAL followed by penetrating keratoplasty can be suc-cessful in restoring the ocular surface and improving the visual outcome.
